. The Standard Model prediction for φ ccs s has been obtained from global fits to experimental data yielding a value of −0.036 ± 0.002 rad [4, 5, 6] . There are however many New Physics theories that provide additional contributions to B 0 s mixing diagrams which alter this value [7, 8] . The addition of the B 0 s → J/ψ π + π − decay allows for an independent determination of φ ccs s . The CP -violating phase measured in the B 0 s → φφ decay results from b → sss transitions and is therefore expected to be close to zero in the Standard Model due to the effective cancellation of the CP -violating weak phase between the B 0 s mixing diagrams and the penguin decay diagrams [9, 10] . Calculations using QCD factorisation provide an upper limit of 0.02 rad for |φ sss s | [11, 12] . The following sections summarise updated measurements of the CP -violating weak phases in b → ccs and b → sss transitions from the full LHCb Run I dataset of 3.0 fb [13, 14] .
Previous analyses measuring CP violation in b → ccs transitions have been made using LHCb data collected in 2011, consisting of 1.0 fb −1 , where the combined measurement of the CP -violating phase, φ ccs s , was found to be 0.01 ± 0.07(stat) ± 0.01(syst) rad [15, 16] . While previous analyses have used the measured result that the two-pion invariant mass spectrum is almost entirely CP -odd [17] , the updated result presented here [13] , uses 27 100 ± 200 signal events and incorporates an amplitude analysis that avoids assumptions on the CP content. Figure 1 shows the four-particle invariant mass range, m(J/ψ π + π − ), from which the shape of the combinatorial background component is determined. In order to measure CP violation an un-binned maximum-likelihood fit is performed to the invariant mass, m(J/ψ π + π − ), the π + π − invariant mass, m(π + π − ), the three helicity angles defined in Ref. [13] , Ω ∈ {θ ππ , θ J/ψ , χ} and the decay time, t. The total decay rates for the B decays, denoted by Γ(t) and Γ(t) respectively, can be written as
where s system at t = 0. The full helicity dependence of the amplitudes on the two-pion invariant mass and helicity angles is provided in Ref. [19] . The probability density function (PDF) includes detector resolution and acceptance effects. The complete PDF is factorised to separate the J/ψ π + π − invariant mass from the other observables. The values of Γ s , ∆Γ s and ∆m s are constrained to LHCb measurements [15, 20] . It can be seen from Eqs. 1 and 2 that knowledge of the initial flavour of the B 0 s meson at production provides extra sensitivity to CP violation. At LHCb, so-called flavour tagging is achieved through the use of the algorithms described in Refs. [15, 21] . This analysis uses both the opposite side (OS) and same side kaon (SSK) flavour taggers. The OS flavour tagging algorithm [22] makes use of the b(b)-quark produced in association with the signal b(b)-quark. The predicted probability of an incorrect flavour assignment, ω, is determined for each event by a neural network that is calibrated using [21] . The overall tagging power, calculated as tag (1 − 2ω avg ) 2 , is found to be (3.89 ± 0.25) %, where tag is the tagging efficiency, and ω avg is the average wrong-tag probability. Figure 2 shows the projections of the two-pion invariant mass and the helicity angles. Good fit quality is seen showing that the complex m(π + π − ) spectrum comprising of the f 0 (980), f 0 (1500), f 0 (1790), f 2 (1270), and f 2 (1525) resonances and associated interferences is understood. Efficiencies as a function of m(π + π − ) and Ω are obtained from simulated events. The background distributions of the helicity angles are taken as the sum of the individual contributions and are parameterised as described in Ref. [23] . Figure 3 shows the projection of the B 
, where a, t 0 , n, β and β 2 are parameters to be fitted.
The dominant contributions to the systematic uncertainty are found to be from the production asymmetry and the models used to parameterise the resonances in the m(π + π − ) spectrum. The former is accounted for by multiplying Γ(t) by the B 0 s /B 0 s production ratio, R p = (1.00 ± 0.05) [24] and varying R p within the associated error. The uncertainty on the resonance model arises from the addition of a ρ(770) component, even though this component is forbidden by isospin conservation. The uncertainties on the CP -violating phase from these sources are 0.006 rad in both cases. The uncertainties on the direct CP violation parameter from these sources are 0.002 and 0.010, respectively.
The result of the measurement of the weak phase φ s in the B 0 s → J/ψ π + π − decay is found to be φ s = 0.070 ± 0.068(stat) ± 0.008 rad [13] . The direct CP violation parameter, |λ|, is measured to be 0.89 ± 0.05(stat) ± 0.01(syst) [13] (note that a value of unity signifies no direct CP violation). This result is more precise than the previous measurement using 1.0 fb −1 of LHCb data and is the most accurate single measurement of the CP -violating phase in b → ccs transitions. first measurement of the CP -violating phase [25] , in addition to the measurement of the triple product asymmetries [26] using 1.0 fb −1 of LHCb data. A total of 4000 signal candidates are observed through a multivariate selection to distinguish signal from background. Figure 4 shows the
As in the case of the B 0 s → J/ψ π + π − analysis, a maximum log-likelihood fit is then performed to the three helicity angles and to the decay time. The B 0 s → φφ decay is a P → V V decay, where P denotes a pseudoscalar and V a vector meson. However, due to the proximity of the φ resonance to that of the f 0 (980), there will also be contributions from S-wave (P → V S) and double S-wave (P → SS) processes, where S denotes a spin-0 meson or a pair of non-resonant kaons. Thus the total amplitude is a coherent sum of P -, S-, and double S-wave processes, and is accounted for during fitting by making use of the different functions of the helicity angles associated with these terms. The functional form of the PDF in terms of the decay time and helicity angles is given in Ref. [14] . The parameters of interest are the CP violation parameters (φ sss s and |λ|), the polarisation amplitudes (|A 0 | 2 , |A ⊥ | 2 , |A S | 2 , and |A SS | 2 ), and the CP -conserving strong phases (δ 1 , δ 2 , δ S , and δ SS ). The P -wave amplitudes are defined such that |A 0 | 2 + |A ⊥ | 2 + |A | 2 = 1, hence only two are free parameters.
Flavour tagging is achieved with the same algorithms as used for the measurement of φ Figure 5 shows the projections on to the helicity angles and decay time, the fit to which yields CP violation parameters of φ sss s = −0.17 ± 0.15(stat) ± 0.03(syst) rad and |λ| = 1.04 ± 0.07(stat) ± 0.03(syst). Polarisation amplitudes are measured to be |A 0 | 2 = 0.364 ± 0.012(stat) ± 0.009(syst) and |A ⊥ | 2 = 0.305 ± 0.013(stat)±0.005(syst), where |A | 2 is fixed such that the fractions of the P -wave sum to unity. In addition, the S-wave fractions are found to be consistent with a pure P -wave state.
A separate un-binned maximum log-likelihood fit is performed to the four-kaon mass in data samples that have been divided according to the sign of the T -odd observables, U = sin Φ cos Φ and V = ± sin Φ, where the positive sign is taken if cos θ 1 cos θ 2 > 0 else the negative sign is used [27] . With such a fit, asymmetries can be measured in the T -odd observables, denoted A U and A V , which provide a method of measuring CP violation that does not require flavour tagging or knowledge of the decay time. These so-called triple product asymmetries are measured to be A U = −0.003 ± 0.017(stat) ± 0.006(syst) and A V = −0.017 ± 0.017(stat) ± 0.006(syst).
The dominant sources of systematic uncertainties are found to arise from the angular and decay time acceptances, which each contribute uncertainties of 0.02 rad to the systematic uncertainty on φ sss s . The mass model is also found to have a significant effect for the measurement of the triple product asymmetries.
Summary
The most accurate single measurement of CP violation in B 
